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A SEARCH FOR SPECTRAL ALTERATION EFECTS I N  CHONDRITIC GAS-RICH BRECCIAS. 
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Kei l  ( I n s t i t u t e  of Me teo r i t i c s ,  Univ. of New Mexico, Albequerque t?H 87131) 
ICMTRODUCTION: The photons r e f l e c t e d  by p lane tary  su r f aces  do no t  
pene t r a t e  t h e  su r f ace  by more than  a few mi l l ime te r s ,  even i n  t h e  most 
t r anspa ren t  minerals ,  Thus t h e  l a r g e  number of v i s u a l  and I R  r e f l e c t i o n  
s p e c t r a  of a s t e r o i d s  obta ined  wi th  t e l e scopes  (and i n  t h e  f u t u r e  by space- 
c r a f t )  sample only t h e  very  uppermost r e g o l i t h ,  However t hese  s p e c t r a  a r e  
u sua l ly  compared wi th  l a b  s p e c t r a  of s o l i d  me teo r i t e s  der ived  from t h e  
a s t e r o i d a l  bedrock. Sol id me teo r i t e  fragments a r e  pulver ized  t o  s imula te  
t h e  s c a t t e r i n g  condi t ions  i n  t h e  upper r e g o l i t h ,  This  methodology impli- 
c i t  l y  assumes t h a t  t h e  regolith-forming process  on a s t e r o i d s  changes only 
t h e  p a r t i c l e  s i z e  and does not  in t roduce  s p e c t r a l  e f f e c t s  due t o  g l a s s  fo r -  
mation, s o l a r  wind implanta t ion ,  e t c ,  On t h e  Moon, very  s t rong  weathering 
e f f e c t s  (mostly r e l a t e d  t o  t h e  formation of g l a s sy  a g g l u t i n a t e s )  e x i s t  i n  
t h e  uppermost r e g o l i t h  which l a r g e l y  conceal t h e  absorp t ion  f e a t u r e s  of 
minerals ,  except i n  very f r e s h  c r a t e r s .  While it i s  gene ra l ly  agreed t h a t  
lunar -s ty le  g l a s s  formation i s  a very  minor process  i n  a s t e r o i d a l  r e g o l i t h s  
due t o  t h e  lower impact v e l o c i t i e s ,  s e v e r a l  workers have proposed a l t e r n a t e  
weathering e f f e c t s  t o  account f o r  va r ious  myster ies  connected wi th  a s t e r o i d  
s p e c t r a l  i n t e r p r e t a t i o n  (e.g. P i e t e r s  1984; T,V.V. King et &. 1984; 
McFadden and A' Hearn 1984; Weather i l l ,  personal  communication, 1984). A 
smal l  subse t  of me teo r i t e s ,  t h e  solar-gas-r ich b recc i a s ,  apparent ly  
preserve  po r t ions  of t h e  uppermost r e g o l i t h  complete wi th  a l t e r a t i o n  
e f f e c t s  c h a r a c t e r i s t i c  of long exposure t o  t h e  space environment. Typi- 
c a l l y ,  a r eas  of f ine-grained ma t r ix  i n  t hese  me teo r i t e s  a r e  r i c h  i n  
implanted s o l a r  wind gases ,  p a r t i c l e  t r a c k s  l e f t  by g a l a c t i c  cosmic r ays  
and s o l a r  f l a r e s ,  and smal l  fragments of e x o t i c  me teo r i t e s  c l a s s e s ,  
apparent ly p r o j e c t i l e  m a t e r i a l  which has survived low-velocity impacts. 
These e f f e c t s  i n d i c a t e  t h a t  t h i s  ma t r ix  m a t e r i a l  once r e s ided  on t h e  op t i -  
c a l  su r f ace  of an a s t e r o i d ,  was turned  over  by r e g o l i t h  gardening, l i t h i -  
f i e d  by an impact, e j ec t ed ,  and t r anspor t ed  t o  Earth.  (A s i m i l a r  h i s t o r y  
i s  in£ e r r e d  f o r  many lunar  samples, inc luding  luna r  me teo r i t e s ) .  Large 
c l a s t s  i n  t h e  same b recc i a s  u sua l ly  a r e  devoid of t h e s e  e f f e c t s  i n  t h e i r  
i n t e r i o r s ,  which were p ro t e s t ed  from d i r e c t  exposure t o  space. I f  any unk- 
nown weathering e f f e c t  e x i s t s  i n  t h e  uppermost r e g o l i t h  of a s t e r o i d s  which 
s igni f  i c a n t l y  ah f  e c t  s cu r r en t  i n t e r p r e t a t i o n s  of t h e i r  composit ion, it 
should be ev ident  i n  a s p e c t r a l  d i f f e r e n c e  between gas-rich ma t r ix  and 
gas-poor c l a s t  i n t e r i o r s ,  We have c a r r i e d  out  a sys temat ic  search  f o r  such 
e f f e c t s  t o  t e s t  t h e  hypothesis  t h a t  they  could make ordinary-chondri te  
m a t e r i a l  resemble t h e  common Class  S a s t e r o i d s ,  
PIEASUREMENTS: Severa l  samples of gas-r ich b recc i a s  were se l ec t ed ,  
inc luding  s l a b s  of t h e  Kapoeta howardite, t h e  ord inary  chondr i tes  Dubrov- 
nik,  Cangas de Onis, and D i m m i t .  Numerous 0.8-2.5 micron r e f l e c t i o n  spec- 
t r a  of s e l e c t e d  a reas  on sawed o r  broken su r f aces  were measured wi th  t h e  
P lane tary  Geosciences Div is ion  spectrogoniometer.  While these  s p e c t r a  a r e  
no t  d i r e c t l y  comparable t o  those of powdered samples ( t h e  continnua a r e  
sys t ema t i ca l ly  b l u e r ) ,  comparisons w i t h i n  t h e  da t a  s e t  should revea l  any 
s p e c t r a l  d i f f e r e n c e s  due t o  space weathering. 
RESULTS: Kapoeta: Spec t ra  of e u c r i t i c  c l a s t s  resemble those  of 
powdered e u c r i t e s ,  Spec t ra  of dark  gas-r ich ma t r ix  a r e  very s i m i l a r  except 
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f o r  s l i g h t  reduct ion  i n  band depths,  Both lower albedo and reduced band 
depths a r e  probably due t o  mild shock e f f e c t s ,  Dubrovnik: A l l  s p e c t r a  very 
s i m i l a r  and resemble powdered ord inary  chondr i tes ,  with pyroxene band 
depths reduced r e l a t i v e  t o  e u c r i t e s  due t o  presence of d i spersed  i r o n  par- 
t i c l e s ,  Cangas de Onis: Spec t ra  s i m i l a r  t o  Dubrovnik. A few highly 
shocked dark  v e i n s  have anomalously shallow bands, but gas-r ich and gas- 
poor reg ions  a r e  very  s i m i l a r ,  D i m m i t :  This  me teo r i t e  conta ins  a c l a s t  of 
impact melt  rock i n  a  c h o n d r i t i c  mat r ix ,  r ep re sen t ing  t h e  most extreme form 
of a l t e r e d  r e g o l i t h ,  Spectra  of t h i s  c l a s t  have very  deep pyroxene bands* 
They c l o s e l y  resemble those of t h e  e u c k i t i c  c l a s t s  i n  Kapoeta, and e a r l i e r  
publ ished e u c r i t e  spec t r a ,  This  may be due t o  t h e  lack  of metal  i n  t h e  
D i m m i t  c l a s t ;  i t  appears t o  be a  fragment of a l a r g e  melt  pool i n  which t h e  
metal  component s e t t l e d  out .  
IMPLICATIONS FOR ASTEROIDS: These r e s u l t s  i n d i c a t e  t h a t  unknown 
r e g o l i t h  processes  do not  conver t h e  ordinary-chondri te  parent  bodies wi th  
an a l t e r e d  l a y e r  e x h i b i t i n g  S-class s p e c t r a l  p rope r t i e s ,  This  is  con- 
s i s t e n t  with r ecen t  i n t e r p r e t a t i o n s  of t h e  new Q-class of a s t e r o i d s  a s  t h e  
ordinary-chondri te  parent  bodies. However, s i g n i f i c a n t  s p e c t r a l  e f f e c t s  do 
occur i n  a s t e r o i d  r e g o l i t h s  : A )  Darkening and suppression of absorp t ion  
bands i n  highly shocked m a t e r i a l ,  a s  seen  previous ly  i n  t h e  so-cal led 
"black chondri tes";  B) Segregat ion of metal  i n  l a r g e  impact melt  pools on 
c h o n d r i t i c  a s t e r o i d s ,  which may have achondr i t i c  spec t ra .  Neither of t hese  
e f f e c t s  i s  l i k e l y  t o  be s i g n i f i c a n t  i n  i n t e r p r e t i n g  cu r r en t  i n t eg ra l -d i sk  
spec t r a ,  but should be searched f o r  i n  s p e c t r a l  maps r e tu rned  by f u t u r e  
spacec ra f t .  
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